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Abstract 
This paper proposes a framework for a new quantum computation based on the Feynman’s path integral. The Feynman’s path integral has been 
studied in quantum physics, however, the computational machinery may be used in universal computations. The light path design will be done 
in a light geometric automaton. As examples, we will present the primality test of an integer (for the deterministic case of light particle) and the 
stable marriage problem (for the probabilistic case of light wave).  
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1. Introduction 
As a new type of computational machinery, quantum computing4 has been involved in communication (quantum 
cryptography2), parallel computation5,11 (inference using q-bit)  to mention just a few. Quantum dynamics has also been studied 
using the Ising model and other variants. 
While on the other hand, cellular automaton has been extensively studied to model self-reproduction by von Neumann, to 
introduce self-learning addressing positive rate conjecture by Gacs. In order to use cellular automaton as new computational 
machinery, geometric problem-solving has been also addressed in the problems such as the firing squad synchronization 
problem10,12 and the primality number problem3.
This note explores the possibility of a new computation model based on the Feynman’s path integral1,6,7 (named Feynman 
Machine). To realize and test the computational machinery, a simulator has been developed with cellular automata and an agent 
trying to express a medium and the light respectively. Here, we report the basic mechanism of the Feynman machine with a 
simulator implemented as an agent and cellular automaton. Some fundamental problems such as the primality number test and 
the stable marriage problem have been studied. 
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Nomenclature 
i   imaginary unit 
<Ek|Ej>  the probability amplitude of the light agent emitted from j ended at k.
Section 2 presents the basic concept of the Feynman machine with a brief introduction of a light geometric automaton. Section 
3 presents an example of geometric problem solving for the Feynman machine using the number primality test. Section 4 will 
explore the case when the light is expressed as wave focusing on the geometric problem solving of the stable marriage problem. 
Section 5 discusses how the Feynman machine can be attained and implemented. 
2. Basic Concepts for Feynman Machine 
In order to simulate the path integration by Feynman6,7, we use a specific type of cellular automaton: a light geometric 
automaton (LGT): a light as particle (wave) is represented by an agent that goes on a direct line (walks randomly on a tree 
structure). LGT is diagrammatically expressed by a box whose inside walls are all mirrors, where lines represent the trajectory of 
the light agent. The box is scaled to a specified precision, and the angle and position of the light can be measured at the boundary 
of the box to the input/output the data. As programming, a box corresponds to a routine where another box (or mirror) is used to
have a subroutine of the box (to make the original routine recursively). We may call this mechanism of the mirror box and the 
light agent the light gear reminding that the Pascal’s computation mechanism uses the mechanical gear. 
Example 1. (Number Multiplication and Division)
 Fig. 1 shows the mirror boxes that compute multiplication (left), division (middle) and a combination of them (right). In the 
multiplication, 5 (horizontal coordinate on the bottom edge of the box)  2/5 (slope) = 2 (vertical coordinate on the right edge of 
the box).  In the division (the middle mirror box),  5 (horizontal coordinate on the bottom edge of the box) / 2 (number of full
reflection) = 2.5 (horizontal coordinate on the top of the box); or  5 (horizontal coordinate on the bottom edge of the box) =2
(vertical coordinate on the right edge of the box) 2 (number of full reflection that reached two vertical edges: left one and right   
one) + 1 (vertical coordinate of the rest of the lights travel).  In the combination of them, two mirror boxes are used. The left box 
can be considered a main routine and the right one a subroutine. The left one is calculating 5 2/5; and the right one 5/2. 
Altogether, (5 2/5)  5/2 =5, which must be indicated by the vertical coordinate of the point where the light reached. 
To imagine a computation by the Feynman machine where it can be used for more sophisticated problem solving, let us 
consider a puzzle of finding the shortest path by using the nature of the light, that is, it travels the shortest path.
Fig. 1. The mirror boxes that compute multiplication (left), division (middle) and combination of them (right).㻌
㻌
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Example 2. (Shortest Path)
Let us find the shortest path among the three paths shown in Fig. 2 left. It would be difficult to find out the shortest path that 
travels from left corner to a point on the top edge reflecting at the right edge without measuring the length of these paths. 
However, as shown in Fig. 2 right, if you attach another mirror box (a subroutine) on the right edge, and find out which light path 
travels to the reflected point of the target point, then we find out the one in the middle is the shortest path as indicated by the red 
path in the attached mirror box. (The red path forms a straight line combined with the middle one in the left mirror box.) 
3. When the probability amplitude is 1 (light particle) 
3.1. Geometric problem solving and programming 
This section focuses on the geometric solving by the agent as a light particle.  The problem solving is done as a billiard ball
causality (Newtonian physics) where the trajectory of the light particle (billiard ball);  
1) goes straight ahead on a line; 
2) reflects at the mirror (or bends to enter into a different media). 
These two characteristics of the light particle are sufficient to solve several problems such as primality test of a given integer. 
Although geometrical solving is not straightforward for many problems, some geometric solving has been studied for the 
primality test of a given number3. Since there are a lot of algorithms for obtaining primary numbers, we can recast them using 
several ways of programming such as a recursive one (attained by one mirror box whose output light is reflected back to the box)
and a mutual subroutine call (attained by two mirror boxes whose output light is fed to the input of another mirror box). 
3.2. Example of solving Primality Test
Quantum prime factorization algorithm10 is the most successful one in the quantum computation. The primality test is for the 
problem to check whether a given number is prime number or not. If the number can be factored with the number smaller than 
itself and larger than 1, then the given number is not prime number. We can devise the primality test in a straightforward manner
with the mirror box implemented on the light geometric automaton. 
Fig. 2. Shortest path puzzle (left) and its solution using the two light boxes (right).
㻌
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Example 1. (Primality Test)4
Fig. 3 shows a light geometric automaton (LGA) that computes whether the number 5 is prime number or not. For the test, the 
number 5 must be checked to see if it is divisible by 2, 3 and 4. Fig. 3 left is a snapshot of LGA testing these three tests. Fig. 3 
right shows that the number 5 is not divisible by 2, but is 2 times 2 plus 1 (as indicated in the vertical coordinate on the left edge 
of the box); or 2.5 (as indicated in the horizontal coordinate on the top edge of the box).  
There are many sophisticated algorithms for obtaining prime numbers in parallel such as Eratosthenes' sieve. These algorithms 
can be programmed using multiple mirror boxes coupled with light agents (similarly to the main program calling subroutines); or
one box recursively with reflected light agents (similarly to the one program calling itself recursively). 
4. When the probability amplitude may not be 1 (light wave) 
4.1. Geometric solving in parallel 
While parallel processing may be done by using many light particles, light wave allows an intrinsically parallel way of 
computation, which is a hallmark of the quantum computation (or q-Bit). Light wave can; 
3) be detected with multiple places with a probability that depends on the Feynman integral; 
4) diffract with slits hence forming a diffraction fringe. 
Feynman integral (FI) of (3) is the most important, for it can explain all the rules (1) to (4). FI also allows any logical structure 
to be expressed by the causal order with an elegant expression of bra and cket operations on probability amplitude expressed by a 
complex number.  
 Logical AND: When two events E0-E1 and E1-Es happen sequentially, 
<E0|E1> <E1|Es>. 
 Logical OR: When two events E1-Es and E2-Es happen in parallel, 
<E1|Es> + <E2|Es>. 
where <Ei|Ej> indicates the probability amplitude of the light agent emitted from j ended at i. When we write two positions j
and i by a coordinate xj and xi then <Ei|Ej> can be expressed4,5
 by a complex number: 
<Ei|Ej> =1/(|xi-xj|)1/2 exp{i (p  rik)/h} 
with imaginary unit i, rik a vector from a position xj to xi, two physical parameters: p  momentum vector and h Plank constant. 
The probability can be expressed as: 
|<Ei|Ej>|2 = <Ei|Ej> <Ei|Ej>* =1/(|xi-xj|) where <Ei|Ej>* is the conjugate of the complex number <Ei|Ej>. 
Fig. 3. Light particle trajectories for the primality test. Number 5 turned out to be primary number, for it cannot 
be divided by 2, 3 and 4. Figure in the right shows that 5 cannot be divided by 2 (5=2 by 2 plus 1).㻌
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4.2. Example of solving Stable Marriage Problem 
Stable marriage problem (SMP)8 is a matching problem, which seeks stable and complete matchings with two sets: men and 
women with the same number where each man (woman) has a complete ranking over all the women (men) without tie (e.g., 
Table 1). Stability requires that any pair in the matching cannot be blocked by the blocking pair, thus guaranteeing any married
couples will not divorce.   
Again, several diagrammatic solving’s have been already studied for matching problems (such as Blossom algorithm) 
including SMP.  We use a probabilistic L-system9 to implement a simulation of this example. 
Example 3. (Stable Marriage Problem)
SMP of the size 4 (4 men and 4 women) of Table 1 is adopted for the presentation. 
Table 1. Ranking matrix of SMP with three men and three women. 
 (a) Ranking of women by men; (b) Ranking of men by women.  
(a)                                                                       (b) 
w1 w2 w3 w4 m1 m 2 m 3 m 4
m1  2 3 4  w1  2 3 4
m2 2 1 3 4 w2 3 1 2 4
m 3 4 2 1 3 w3 4 3 1 2
m 4 4 3 2 1 w4 4 3 2 1
To map the SMP to the geometric problem, two slits are prepared; one for men and the other for women. Each hole on the slit 
corresponds to a person. In Fig. 4, left (right) slit is for men (women) and four holes corresponds to m1, m2, m3 and m4 from the 
top to bottom. Preference is represented by the distance from a hole (on the left slit) representing a man mi to a hole (on the right 
slit) representing a woman wj.
In the simulation;  
(1) the light agent is emitted from the left wall; 
(2) choses one hole of the right slit;  
(3) choses another hole of the left slit; and  
(4) reach the target point on the right wall.  
These four events correspond to (1) Es: started a trial; (2) Mi; man mi is selected to propose; (3) Wj: woman wj accepted the 
proposal; and (4) Et: the trial ended. If we set the right wall for the density distribution of the reached light, then the interference 
fringe obtained by this diffraction grating will show the probability distribution indicating probability of coupling. 
Fig. 4 left indicates one trial ended the coupling (m3, w3) and the right (m4, w4) likewise. The probability amplitude can be 
calculated as: <Et|W3><W3|M3><M3|Es> for (m3,w3) and <Et|W4><W3|M4><M4|Es> for (m4, w4). Thus, probability 
amplitude for a matching {(m1,w1), (m2,w2), (m3,w3), (m4,w4)} when the man is on the proposal side follows: 
  	
  	

  
   . 
Fig. 4. Light wave trajectories for path integrals. The light wave travel from the blue point on the 
left edge to the one on the right edge. Red lines are the possible paths before integration.㻌
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To explore the logical structure of SMP expressed with the complex number of probability amplitude, let us consider a trivial 
example of SMP with only two men and two women.
Example 3. (2by 2 Stable Marriage Problem)
Let us express the SMP of Table 2 (a) and (b) with complex numbers of probability amplitude. 
Table 2. Ranking matrix of SMP with three men and three women. 
 (a) Ranking of women by men; (b) Ranking of men by women (symmetric); (c) Ranking of men by women (asymmetric) 
(a)                                                  (b)                                                    
w1 w2 m1 m 2
m1  2  w1  2 
m2 2 1 w2 2 1
(c) 
m1 m 2
w1 2 1
w2 1 2
 Inner Product: <z1|z2> = z1 z2* = (a+b i) (c - di) = ac + bd + (bc -ad) i
 Conjugate: When the preference from men to women is identical with the preference from women to men, then 
<Wj|Mi>=<Wj|Mi>*. 
The preference of men to women can be written (without normalization factor) as: 
<W1|M1>=1+i
<W2|M2>=1+i
<W2|M1>=-2+2i
<W1|M2>=-2+2i
 Parallel: Since  Table  2 (b) is symmetric to (a), <Wj|Mi>=<Mi||Wj>, that is, they are in parallel as a vector. 
 Orthogonal: Since the bigamy is not allowed, (<W1|Mi>)  (<W2|Mi>)T=0, that is they are orthogonal. 
 Whole event: All possible events can be written as: (<W1|M1> + <W2|M1>)(<W2|M2> + <W1|M2>). However, 
orthogonality due to the prohibition of bigamy, it can be simplified to: (<W1|M1> <W2|M2> + <W2|M1> <W1|M2>). 
 Stable event: Because the unstable pairs are excluded by the blocking pair, that is, (<W2|M1> <W1|M2>) + <W1|M1> =  
<W1|M1>, only the event <W1|M1> <W2|M2> occurs, which corresponds to the man-optimal stable matching. 
Indistinguishability: when women w1 and w2 are indistinguishable for men, then  
<W1|M1> <W2|M2> + <W2|M1> <W1|M2>  is re-written as: <W|M1> <W|M2> 
If we express the SMP of Table 2 (a) and (c) with the probability amplitude, then: 
< M1|W1>=1+2i
<M2 |W2>=1+2i
<M1 |W2>=-2+i
<M2 |W1>=-2+i
Since <Wj|Mi>ӆ<Mi|Wj>, they are not in parallel as a vector. This implies that the stable matching may switch when the 
proposal side is changed.  
 Not Parallel: Since  Table  2 (c) is asymmetric to (a), <Wj|Mi>ӆ<Mi||Wj>, that is, they are not in parallel as a vector. 
 Orthogonal: Since the bigamy is not allowed, (<M1|Wi>)  (<M2|Wi>)T=0, that is they are orthogonal. 
 Whole event: All possible events can be written as: (<M1|W1> + <M2|W1>)(<M2|W2> + <M1|W2>) T. However, 
orthogonality due to the prohibition of bigamy, it can be simplified to: (<M1|W1> < M2|W2> + < M1|W2> < M2|W1>). 
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 Stable event: Because the unstable pairs are excluded by the blocking pair, that is, (<M1|W1> < M2|W2>) + <M2|W1> = 
<M2|W1>, only the event <M2|W1> <M1|W2 > occurs, which corresponds to the woman-optimal stable matching of  
this SMP. 
Expressing probability amplitude expressed by complex numbers in quantum physics with vectors may be confusing due to their 
notations that slightly differ from those used in mathematics. 
5. Discussion 
5.1. Hardware implementation 
Light geometry automaton (LGA) has universal computation capability. Extensive studies have already made for cellular 
automaton (CA), which also is a universal computation, to implement geometric solving of several problems. The difference 
from CA is that LGA, when implemented with the Feynman Integral, would have parallel computation power intrinsic to the 
light.  Although the Feynman machine is based on the insight that the light has computation capability in its dynamics, the 
challenge lies in the hardware implementation of a computer based on the LGA.  
5.2. Physical computation limit 
We have often heard that the current digital computer brought up the discussion about the physical limit of computation. 
However, computer science does not have physical constants (with physical dimension such as light speed) to characterize 
computation. 
Thought experiments based on the primality test (Example 3) would suggest that the physical limit can be bound to the 
computation limit. The largest number that can be theoretically computed is based on the measurement limit, energy limit for the 
laser to travel a long distance including reflected path and how thin the beam can be. The uncertainty principle will limit the
largest prime number that can be computed by this light geometric automaton where the size of the mirror box is fixed.  
However, if we do not fix the size of the mirror box, then the maximum energy that will make travel straight over a very long 
distance will limit the maximum prime number to be computed, which would involve general relativity concern. For an estimate 
of the computation time required, we need to have a space-time interaction based on the special relativity of the light speed 
invariant. We also know that the special relativity of the light speed constant would contradict the entanglement of elementary
particles including the light.  
Considering the maximal prime number that can be computed by the current digital computer increase progressively 
associated with the finding (knowledge) on prime numbers, it is unlikely that the largest computable prime number can be the 
physical limit of computation, but some constants may be found that will characterize computation and knowledge (such as the 
Riemann conjecture). 
5.3. Planetary computation 
In order to prove the theory of general relativity, Einstein used an inter-planetary setting to examine the phenomenon that a 
light path will bend under the influence of a gravity field (gravitational lens). Similarly to this, it may be possible to use the light 
emitted very far away (and hence very old) which may be used to compute without using any computing devices. It would be 
possible to use such light for a large scale computation such as the largest prime number and the largest indecomposable stable
marriage problem. Although we do not need any computation devices, we may need measurement and observation devices and 
most importantly a geometric problem solving: a mapping from the algorithmic solutions to the geometric ones. It requires 
further new questions such as building a map of space (including the place of white/black holes and flow of plasma field), of 
finding out where there is other entangled light (EPR paradox) and many technological and scientific questions up to what is 
space, which was the very question they started with. 
6. Conclusions 
We have shown a computational paradigm of a Feynman machine that directly implements the path integral proposed by 
Feynman. A programming paradigm of the Feynman machine called Light Gear (or Mirror Box) has been proposed as well.  It is 
demonstrated that the Feynman machine has a parallel computation mechanism (intrinsic to the light as wave) as well as a 
geometric problem solving mechanism of cellular automaton (intrinsic to the light as particles).  
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